central peak of CDCl 3 , δ C = 77.16 ppm; CD 2 Cl 2 , δ C = 54.0 ppm) as the internal reference. FTIR-ATR spectra were obtained on a JASCO IR 4200 spectrophotometer, with an ATR accessory (PIKE instruments) having a diamond ATR crystal. Raman and SERS were carried out with either a Renishaw Invia system or a handheld portable DeltaNu Raman Inspector instrument, exciting the sample with a 785 (diode) nm.
Theoretical calculations. Finite element method (FEM) electromagnetic simulations were performed with the COMSOL Multiphysics package using the RF module to completely solve the Maxwell equations. Gold spheres of 70 nm in diameter were considered, with the metal described through its measured dielectric function 4 and including a 0.5 nm coating of refractive index 1.3 to effectively represent the linking layer. The gold-to-gold gap distance was set to 1 nm in all cases. Excitation was carried out considering a monochromatic light (785 nm) parallel to the z axis.
SERS characterization of the supercrystals:
In order to characterize the optical enhancing properties of the pyramidal supercrystals, a minute amount (10 µL) of a diluted solution (10 -8 M) of 1-naphthalenethiol (1NAT, Aldrich) was spin-coated on 1 cm 2 of the pyramid film. Surfaces were then mapped using the Renishaw´s StreamLine accessory, taking mapping areas of 26 × 36 µm 2 , with a step size of 500 nm (x100 objective) upon excitation with an NIR (785 nm) laser line. Acquisition times were set to 10 ms with power at the sample of 10 µW. The SERS response with the same analyte on other common substrates including evaporated gold and silver island films and aggregated gold and silver colloids can be found in ref. 5 . Intensity dependence with the morphology of the pyramid was studied point by point by with and step size of 500 nm and setting the autofocus track in a high confocality mode for each measurement. To probe single molecule detection, the same procedure was carried out using ethanolic solutions of crystal violet (10 µL, 10 -12 M per cm 2 ) giving rise to an average concentration of less than 1 molecule/ µm (0.06 molecules/µm 2 ) 6 . The film was mapped using the Renishaw´s StreamLine accessory with a 100x objective (spatial resolution of 500 nm), acquisition times of 2 s and a power at the sample of 1 µW. Comparison between the Raman microscope and the handheld Raman system were carried out on the samples prepared with 1 NAT by using, in the case of the Raman microscope, a macrosampling objective with an spatial resolution of 1 mm, equivalent to that of the portable system. Interestingly the resolution of the period and size can be controlled at the 100 nm. 
Fig. S12:
Raman and SERS spectra of the TDPP. Both spectra fit band to band but with some differences in the relative intensity of some bands. Changes in relative intensity are due to the surface selection rules 10 and can be used to discern the orientation of the molecule at the metallic surface 11 . First, with the use of the 785 nm laser line excitation at the red of the bulk plasma resonance, the main component of the field at the surface is the normal to the surface. Considering the high affinity of the thiol and amino groups for gold, the adsorbed molecule could be either flat on the metal surface, interacting by porphyrin ring or with the molecular plane almost perpendicular to the metal surface if interacting through the terminal thiol group. The observed SERS bands can be safely assigned to ring deformations in the plane of the molecule. In fact, the SERS spectra contain all of the in-plane vibrational frequencies (ring stretching and C-H bending in the 1000-1650 cm -1 region) with remarkably strong relative intensity, as compared to those corresponding to out-of-plane modes. These latter observations discard the flat-on orientation and indicate that the ligand is bonded through the thiol group with its aromatic chromophore perpendicular to the gold surface, consistent with the higher reactivity toward gold of the thiols as compared with ternary amines.
